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(PPV)Abstract Introduction: Adequate volume resuscitation is very important for a favorable outcome
of critically ill patients. Both over and under ﬁlling of intravascular volume could be deleterious.
Static indices including central venous pressure, pulmonary capillary wedge pressure, left ventricu-
lar end-diastolic area, mean arterial pressure (MAP) and tachycardia are commonly used and are
known to be of little value in discriminating responders from non-responders. On the other hand
dynamic indices such as pulse pressure variation (PPV), inferior vena cava diameter, superior vena
cava diameter, aortic blood ﬂow, which are based on variation on the left ventricular stoke volume,
have been shown to be more accurate predictors of ﬂuid responsiveness in mechanically ventilated
patients. In this study we are evaluating the ability of stroke volume variation (SVV) obtained by
Vigileo–FloTrac device to predict ﬂuid responsiveness in patients with acute circulatory failure
under complete passive, volume controlled mechanical ventilation and correlating it to manually
calculated PPV.
Materials and methods: Twenty ﬁve patients aged above 18 years, with acute circulatory failure
and at least one sign of tissue hypoperfusion requiring ﬂuid resuscitation and mechanical ventilation
were included. Excluded are patients with cardiogenic shock, acute pulmonary edema, LVEF
<50%, atrial ﬁbrillation, frequent ectopics, signiﬁcant aortic or mitral valve abnormalities or renal
failure. Candidates were subjected to thorough clinical evaluation, lab investigation and ECG.
10 R.A. Soliman et al.Following sedation, muscle relaxation and maintenance of mean arterial pressure >65 mmHg by
norepinephrine, 500 ml of Hes-steril were administered over 10 min. Static and dynamic hemody-
namic parameters were taken in supine position before and after ﬂuid challenge. Patients who
had an increase of cardiac index measured by trans-thoracic echocardiography P15% of baseline
measurement were considered responders.
Results: Fourteen patients were ﬂuid responders. Before ﬂuid challenge SVV and PPV were sig-
niﬁcantly higher in responders than non-responders (p= 0.0001 for each). SVVP 8.15% predicted
responders with a sensitivity of 100% and speciﬁcity 81.1% (AUC 0.906). PPVP 10.2 also pre-
dicted responders with a sensitivity of 92.9% and speciﬁcity of 90.9% (AUC 0.974). The higher
the SVV before ﬂuid challenge the higher the percentage of increase of CI following ﬂuid challenge
(r= 0.733, p= 0.00). PPV showed the same correlation pattern with percentage increase of CI
(r= 0.798, p= 0.00).
Conclusions: Baseline stroke volume variation P8.15% predicted ﬂuid responsiveness in
mechanically ventilated patients with acute circulatory failure. The study also conﬁrmed the ability
of pulse pressure variation to predict ﬂuid responsiveness.
 2015 The Egyptian College of Critical Care Physicians. Production and hosting by Elsevier B.V. All
rights reserved.1. Introduction
Recent guidelines for hemodynamic management of critically
ill patients have emphasized the importance of adequate vol-
ume resuscitation in predicting favorable outcomes.
However, only 40–72% of ICU patients with hemodynamic
instability are able to respond to ﬂuid loading by a signiﬁcant
increase in stroke volume or cardiac output [1–4].
This ﬁnding emphasizes the need for predictive factors of
ﬂuid responsiveness to select patients who might beneﬁt from
volume expansion and to avoid ineffective or even deleterious
volume expansion [1].
Two types of preload indices were deﬁned namely, static
indices and dynamic indices. Static indices and the usual clin-
ical variables (central venous pressure, pulmonary capillary
wedge pressure, left ventricular end-diastolic area, mean arte-
rial pressure (MAP) and tachycardia) are known to be of little
value in discriminating between those patients who will and
those who will not respond to volume expansion [1,5–8].
On the other hand, dynamic indices that rely on cardiopul-
monary interaction (pulse pressure variation (PPV) [6], inferior
vena cava diameter [9], superior vena cava diameter [10], aortic
blood ﬂow [7], which are based on variation on the left ventric-
ular stoke volume, have been shown to be more accurate pre-
dictors of ﬂuid responsiveness in mechanically ventilated
patients [6,9,10].
The variation of arterial pulse pressure (PPV) induced by
mechanical ventilation is known to be a very accurate predic-
tor of ﬂuid responsiveness [11–14].
A new device (Vigileo–FloTrac, Edward Lifesciences,
Irvine, CA) allows for automatic and continuous monitoring
of cardiac output (CO) based on pulse contour analysis and
also monitoring of the respiratory variations in stroke volume
(SVV). The accuracy of this device to assess cardiac output
(CO) has been tested in numerous setting with various results
[15,16].
However the ability of stroke volume variation (SVV) to
predict ﬂuid responsiveness in mechanically ventilated patients
is still under investigations.
Correlation between manually calculated pulse pressure
variation (PPV) and stroke volume variation (SVV) obtainedwith Vigileo–FloTrac device remains to be proven to detect
whether SVV can be used as a predictor of ﬂuid responsiveness
in patients with acute circulatory failure under complete pas-
sive volume controlled mechanical ventilation.2. Aim of the study
To evaluate the ability of SVV obtained by Vigileo–FloTrac
device to predict ﬂuid responsiveness in patients with acute cir-
culatory failure under complete passive, volume controlled
mechanical ventilation, and to correlate it to manually calcu-
lated PPV.3. Patients and methods
This is a prospective study that was conducted at the
Department of Critical Care Medicine, Faculty of Medicine,
Cairo University, from September 2009 to December 2010.
The study was approved by our local scientiﬁc and ethics
committee. Consents for the study were taken from patients’
relatives.3.1. Selection criteria
3.1.1. Inclusion criteria
1. AgeP 18 years old.
2. Acute circulatory failure for which the decision was taken
to administer IV ﬂuids.
3. Presence of at least one clinical sign of inadequate tissue
perfusion deﬁned as: Systolic blood pressure 690 mmHg (or a decrease of
50 mmHg in a previously hypertensive patient).
 The need of vasopressor drugs (e.g. dopamine P5 lg/-
kg/min or norepinephrine).
 Urine output <0.5 ml/kg/h for at least 2 h.
 Tachycardia (heart rate P100/min).
 Presence of skin mottling.
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1. Contraindication for ﬂuid administration as cardiogenic
shock, acute pulmonary edema or LVEF% less than 50%.
2. Renal patients with oliguria and volume overload including
patients on hemodialysis or patients with acute anuric renal
failure.
3. Valvular heart disease: signiﬁcant aortic or mitral valve
lesions.
4. Spontaneously breathing patients.
5. Irregular cardiac rhythm: patients with atrial ﬁbrillation or
frequent ectopics were excluded.3.2. Evaluation of patients
All included patients were subjected to the following:
1. Full Clinical Evaluation.
2. Laboratory investigations:
 CBC (complete blood count) and coagulation proﬁle.
 ABGs (arterial blood gases).
 Liver and kidney function tests.
 Random blood sugar.
3. Twelve lead ECG.
3.3. Methods
1. Adequate sedation and muscle relaxation: The patients
remained sedated during the study period using Propofol
started with 1–4 mg/kg IV dose then infusion at a rate of
1–2 mg/kg per hour and Atracurium (4–12 lg/kg/min)
was given for neuromuscular blockade.
2. All patients were mechanically ventilated using volume con-
trolledmode (tidal volume8–10 ml/kg, respiratory frequency
12–15 breaths/minute, positive end-expiratory pressure 0–
2 cm H2O). Plateau pressure was kept below 30 cm H2O.
Ventilatory settingsanddosagesof inotropic andvasopressor
drugs were kept constant during the study period.
3. Mean arterial pressure was maintained above 65 mmHg by
adjusting the patient’s noradrenaline (norepinephrine) dose
before starting measurements. Radial artery catheter was
inserted. A dedicated transducer (FloTrac, Edwards
Lifesciences) was connected to the radial arterial line on
one end and to the Vigileo System (Edwards Lifesciences)
on the other end. The system enables the continuous mon-
itoring of cardiac output (CO), stroke volume (SV), and
stroke volume variation (SVV) by pulse contour analysis.
4. Hemodynamic measurements were recorded in supine posi-
tion with all transducers positioned at the level of fourth
intercostal space in the mid-axillary line. Zero was mea-
sured at atmospheric pressure. Two sets of measurements
were recorded: The ﬁrst set was before the ﬂuid bolus and
the second set was immediately after infusion of the ﬂuid
bolus.
5. For volume expansion (VE), we used 500 ml Hes-steril. The
ﬂuid bolus was administered rapidly over 10 min.
6. The following hemodynamic variables were recorded;
Heart rate (HR), End expiratory central venous pressure
(CVP), Systolic blood pressure (SBP), Diastolic blood pres-
sure (DBP), Mean arterial blood pressure (MAP) and
Cardiac output as measured by Trans-thoracic Doppler
(CO-TTE). Using Vigileo system the following variableswere recorded; Cardiac output (CO–Vigileo), Cardiac index
(CI–Vigileo), Stroke volume (SV), Stroke volume index
(SVI–Vigileo) stroke volume variation (SVV) and pulse
pressure variation (PPV). Variables obtained with
Vigileo–FloTrac device were sampled every 20 s, and for
each variable the mean of three consecutive measurements
was obtained.
3.4. Deﬁnition of stroke volume variation (SVV)
Percent of change in stroke volume during inspiration and
expiration during the most recent 20 s. Stroke volume varia-
tion is also deﬁned as the variation of beat-to-beat SV from
the mean value during the most recent 20 s.
It can be calculated using the following formula:
SVV ¼ ðSVmax SVminÞ=SVmean 100:
The mean value of three consecutive SVV determinations was
used for statistical analysis (more than 1 min).3.5. Automated calculation of SVV
The FloTrac–Vigileo device analyzes the arterial waveform to
determine SV. This technique does not need prior calibration.
The FloTrac system is a speciﬁc pressure transducer
attached to any commercially available arterial catheter and
connected to a speciﬁc monitor (Vigileo). The arterial wave-
form is assessed at 100 Hz. The standard deviation (SD) of
the Pulse pressure is determined over a 20 s period. To calcu-
late CO, the software uses an algorithm based on the relation-
ship between arterial pulse pressure and SV and considers
vessel compliance and peripheral resistance. Vessel compliance
is estimated from nomograms based on age, gender, height,
and weight, and peripheral resistance is determined from arte-
rial waveform characteristics.
FloTrac–Vigileo devices allow for the determination of the
SVV. This index is displayed continuously on the monitor. In
the present study, we used the version 1.07 software [17].3.6. Calculation of pulse pressure variation
Pulse pressure (PP) was deﬁned as the difference between sys-
tolic and diastolic arterial blood pressure. Maximal (PPmax)
and minimal (PPmin) values were determined over the same
respiratory cycle.
Pulse pressure variation (PPV) was then calculated as:
PPV ¼ ðPPmax PPminÞ=½ðPPmaxþ PPminÞ=2  100:
PPV was evaluated in triplicate over each of three consecutive
respiratory cycles. The mean values of the three determinations
were used for statistical analysis [6].
3.7. Echocardiographic measurements
Cardiac output (CO-TTE): Doppler echocardiography was
performed by an expert operator using an ultrasound device
(ATL HDI 5000, Probe 3.5 MHz).
The SV is the product of the aortic valve area by the veloc-
ity time integral of aortic blood ﬂow (VTIAo). Using the
Table 1 Characteristics of study groups.
Parameter Value [N (%) or Mean ± SD] P*
Whole
group
N= 25
Responders
N= 14
Non
responders
N= 11
Age (years) 52.8 ± 16.3 49.5 ± 17.08 57 ± 15.05 0.26
BSA (m2) 1.89 ± 0.11 1.92 ± 0.13 1.84 ± 0.08 0.10
Male 15 (60) 8 (57) 7 (64) 1.00
Hypertension 8 (32) 4 (29) 4 (36) 1.00
Diabetes
mellitus
10 (40) 6 (43) 4 (36) 1.00
Coronary artery
disease (CAD)
3 (12) 1 (7) 2 (18) 0.56
Left ventricular
ejection fraction
(LVEF%)
64.5 ± 4.5 65.3 ± 4.5 63.6 ± 4.6 0.38
Type of shock
Distributive 17 (68) 8 (57.2) 9 (81.8) 0.42
Hypovolemic 4 (16) 3 (21.4) 1 (9.1)
Combined 4 (16) 3 (21.4) 1 (9.1)
* Between responders and non-responders.
12 R.A. Soliman et al.parasternal long-axis view, the diameter of the aortic root and
the aortic valve area was calculated [(diameter2)/4]. As the
diameter of the aortic oriﬁce is assumed to remain constant
in a given patient, the diameter was measured once at baseline.
Using the apical ﬁve-chamber view, the VTIAo was computed
from the area under the envelope of the continuous-wave
Doppler signal obtained at the level of the aortic annulus.
CO was calculated as the product of heart rate by SV. The
operator was unaware of PPV values and of variables mea-
sured by Vigileo (SVV, CO-Vigileo).
The mean value of three consecutive measurements of car-
diac output was taken. Echo measured cardiac output and sub-
sequently cardiac index were used to determine whether the
patient studied was responsive to ﬂuid bolus or not. Patients
with the increase in cardiac index more than or equal to
15% were considered responsive, while those with lesser than
15% increase were considered non responsive [6].
3.8. Statistical methodology
Statistical analysis was done using the Statistical Package for
Social Sciences (SPSS) software, release 16.0.0 for
Windows (SPSS Inc., Chicago, Illinois).
Normally distributed quantitative data were described in
terms of mean and standard deviation. Categorical variables
were described in ratios and/or percentages. Bivariate analysis
of categorical variables was done using Chi Square test with
Yates Continuity correction for 2 · 2 tables.
Whenever cell frequency is less than 5, Fisher’s Exact test is
used.
Comparing two groups of quantitative variable the analysis
was done using Independent-Samples Student t test for paramet-
ric data, and Mann–Whitney test for non-parametric data.
Paired quantitative variables were compared using paired t test.
Correlation between quantitative variables was tested using
Pearson correlation test (for parametric variables) and
Spearman test (for non parametric variables).
Receiver operator characteristic (ROC) curve analysis was
used to test the relationship between one categorical variable
and one quantitative variable, and to identify the best cutoff
values with the highest possible sensitivity and speciﬁcity for
the desired outcome.
In all cases, the 2-sided signiﬁcance was always taken as P
value. P value 60.05 was considered statistically signiﬁcant.
4. Results
Out of patients admitted to the critical care department with
acute circulatory failure, 25 patients met the inclusion criteria
and were enrolled into the study. All patients were given intra-
venous ﬂuid bolus and according to the degree of ﬂuid respon-
siveness they were divided into 2 groups: ﬂuid responsive
group and ﬂuid nonresponsive group.
Patients who had an increase in cardiac index measured by
trans-thoracic echocardiography P15% of baseline measure-
ment were considered responsive and those who had an
increase <15% were considered to be non responsive. In our
study, responders had a 23 ± 5.8% increase in cardiac index
compared to the 5.11 ± 2.7% increase in non responders
(p = 0.0001). Table 1 shows the characteristics of the study
groups.4.1. Hemodynamic measurements before and after ﬂuid
administration
The hemodynamic measurements taken before and after ﬂuid
administration in both responders and non-responders are
summarized in Table 2.
It is noted that before ﬂuid administration SVV and PPV
were the only variables which were signiﬁcantly different
between responders and non responders (Fig. 1).
4.2. Correlation between degree of ﬂuid responsiveness and
baseline PPV and SVV
Stroke Volume Variation (SVV) and pulse pressure variation
(PPV) were found to have a direct, strong and signiﬁcant cor-
relation with the degree of ﬂuid responsiveness expressed as
percent of increase in cardiac index (measured by ECHO)
(Figs. 2 and 3).
We performed ROC analysis on selected baseline measure-
ments to identify their cutoff points of ﬂuid responsiveness
(Fig. 4).
As shown in Fig. 4, the area under curve was signiﬁcantly
high for SVV and PPV only. We found that baseline SVV
P8.15% predicted responders with a sensitivity of 100% and
speciﬁcity of 81.8%. Also baseline PPV P10.2% predicted
responders with a sensitivity of 92.9% and speciﬁcity of
90.9%.
5. Discussion
The cornerstone of treating patients with shock remains, as it
has been for decades, using IV ﬂuids. Surprisingly, the use of
IV ﬂuid during resuscitation of shock remains largely empiri-
cal. Too little ﬂuid may result in tissue hypo-perfusion and
worsens organ dysfunction; however, over-prescription of ﬂuid
also appears to impeded oxygen delivery and compromise
patient outcome.
Table 2 Hemodynamic measurements before and after ﬂuid
administration.
Parameter Responders
n= 14
Non responders
n= 11
p
HR Before 95.86 ± 16.2 105 ± 21.4 0.23
After 92.93 ± 15.0 102.55 ± 20.7 0.19
Diﬀerence 2.93 ± 2.79 2.64 ± 2.23 0.84
CVP Before 8.43 ± 1.34 9.0 ± 1.48 0.32
After 12.57 ± 0.76 13.18 ± 2.14 0.38
Diﬀerence 4.14 ± 1.1 4.18 ± 1.83 0.95
MAP Before 81.07 ± 6.11 82.27 ± 5.44 0.61
After 86.5 ± 5.68 84.27 ± 5.24 0.33
Diﬀerence 5.43 ± 1.45 2.0 ± 0.77 <0.001
CO
ECHO
Before 6.01 ± 1.12 6.35 ± 1.35 0.51
After 7.39 ± 1.31 6.67 ± 1.53 0.21
Diﬀerence 1.37 ± 0.35 0.32 ± 0.24 <0.001
CO
Vigileo
Before 6.0 ± 1.06 6.21 ± 1.21 0.64
After 7.25 ± 1.28 6.54 ± 1.36 0.19
Diﬀerence 1.25 ± 0.37 0.32 ± 0.27 <0.001
CI
ECHO
Before 3.17 ± 0.6 3.37 ± 0.72 0.47
After 3.92 ± 0.72 3.54 ± 0.90 0.25
Diﬀerence 0.75 ± 0.20 0.27 ± 0.31 <0.001
CI
Vigileo
Before 3.18 ± 0.58 3.30 ± 0.6 0.62
After 3.82 ± 0.73 3.48 ± 0.73 0.36
Diﬀerence 0.65 ± 0.23 0.17 ± 0.15 <0.001
SVI
Vigileo
Before 33.62 ± 2.96 31.63 ± 5.29 0.24
After 41.59 ± 4.35 34.65 ± 5.85 <0.001
Diﬀerence 7.97 ± 2.36 2.19 ± 1.68 <0.001
SVV Before 13.44 ± 2.20 7.19 ± 3.52 <0.001
After 8.94 ± 1.98 4.05 ± 1.04 <0.001
Diﬀerence 4.5 ± 2.02 3.15 ± 2.88 0.18
PPV Before 13.58 ± 2.25 6.74 ± 2.46 <0.001
After 8.95 ± 2.18 4.49 ± 1.02 <0.001
Diﬀerence 4.59 ± 2.27 2.24 ± 2.31 0.02
Figure 1 Hemodynamic measurements before ﬂuid administra-
tion. HR= Heart Rate; CVP = Central Venous Pressure;
MAP =Mean Arterial Pressure; CO ECHO= Cardiac Output
measured by ECHO; CO Vigileo = Cardiac Output measured by
Vigileo; CI ECHO= Cardiac Index measured by ECHO; CI
Vigileo = Cardiac Index measured by Vigileo; SVI Vigileo =
Stroke Volume Index measured by Vigileo; SVV= Stroke
Volume Variation; PPV = Pulse Pressure Variation.
Figure 2 Relation between SVV and percent of increase in
cardiac index (CI).
Figure 3 Relation between PPV and percent of increase in
cardiac index (CI) cutoff points for prediction of ﬂuid
responsiveness.
Prediction of Fluid Responsiveness 13Cardiac ﬁlling pressures are unable to reliably predict ﬂuid
responsiveness and accordingly, a number of dynamic tests
have been reported for this purpose. One of them is the mea-
surements of SV changes after maneuvers that increase ordecrease venous return and challenges the patients’ Frank-
Starling curve. The SV is measured continuously and in real-
time by minimally invasive or non-invasive technologies,
including Doppler methods, pulse contour analysis and bio-
reactance.
In this study, we aim to investigate the ability of SVV mea-
sured by FloTrac–Vigileo device and PPV to guide ﬂuid ther-
apy of shocked patients in our center.
Interestingly, not every patient in shock state responds to
volume expansion. In our study, we found that only 14
patients (56%) were responsive to ﬂuid. This observation
was similar to what Biais et al. [16] reported when they tested
the ability of SVV to predict ﬂuid responsiveness in post-
operative mechanically ventilated patients after liver trans-
plantation. Only 48.6% (n= 17) of their patients were respon-
sive. This was further supported by the results of Cannesson
et al. [5] study who found that only 68% (n= 17) of patients
after coronary artery bypass grafting were responsive to VE
when assessed by SVV.
In our study, baseline SVV and PPV correlated signiﬁcantly
with the change in CI induced by VE (r= 0.733, p 6 0.001 and
r= 0.798, p< 0.001 respectively). ROC analysis showed that
SVVP 8.15% predicted ﬂuid responsiveness with 100%
Figure 4 ROC analysis of selected baseline hemodynamic measurements. SVV = Stroke Volume Variation; PPV = Pulse Pressure
Variation; CVP = Central Venous Pressure; CI ECHO= Cardiac Index measured by ECHO; CI Vigileo = Cardiac Index measured by
Vigileo.
14 R.A. Soliman et al.sensitivity and 81.8% speciﬁcity. Pulse pressure variation
P10.2% had 92.9% sensitivity and 90.9% speciﬁcity for pre-
dicting ﬂuid responsiveness.
These ﬁndings are close to those reported by Cannesson
et al. [5] who demonstrated that PPV value of 10% allowed
discrimination of ﬂuid responders with 88% sensitivity and
87% speciﬁcity.
They also showed that SVV of 10% had a 82% sensitivity
and 88% speciﬁcity for predicting ﬂuid responsiveness. Similar
ﬁgures were reported by Biais et al. [18] when they studied the
ability of PPV and SVV to predict ﬂuid responsiveness in 30
mechanically ventilated patients undergoing scoliosis surgery,
in supine position after induction of anesthesia and in prone
position. Both PPV and SVV were able to predict ﬂuid respon-
siveness in either position; however, values differed slightly. In
supine position, PPV >11% (sensitivity = 88%, speci-
ﬁcity = 82%) and SVV >9% (sensitivity = 88%, speci-
ﬁcity = 91%) were predictive of ﬂuid responsiveness,
whereas for prone position values were PPV >15% (sensitiv-
ity = 100%, speciﬁcity = 80%) and SVV >14% (sensitiv-
ity = 94%, speciﬁcity = 80%) [18].
Contrary to those results, de Waal et al. [19] found that
SVV obtained by Vigileo–FloTrac system failed to predict ﬂuid
responsiveness. In their study, they administered 10 ml/kg
hydroxylethyl starch 6% to 18 patients, one hour after theirarrival at the intensive care unit from coronary artery bypass
graft surgery (CABG). The SVI was measured by trans-
pulmonary thermodilution, and ﬂuid responsiveness was
deﬁned as an increase in SVI P12%. Almost half patients
did not respond to ﬂuid challenge. There was a statistically
insigniﬁcant correlation between SVV and percent of increase
in SVI (r= 0.452, p= 0.07). The area under ROC curve for
SVV was 0.66 (p= 0.27).
The inability of SVV to predict ﬂuid responsiveness in de
Waal et al. [19] study could be explained by the fact that they
used the ﬁrst software version (1.01) of the Vigileo/FloTrac
which has a re-calibration interval of 10 min; an interval too
long to accurately detect respiratory variations in the arterial
pressure curve. On the other hand, we, as well as Cannesson
et al. [5] and Biais et al. [18], used a newer software version
(1.07 at least) which operates at a re-calibration interval of
1 min, allowing for more accurate pulse contour analysis.
Lahner et al. [20] also reported poor value of SVV in pre-
dicting ﬂuid responsiveness. In their study, 20 patients under-
going major abdominal surgery received intraoperative ﬂuids
guided by esophageal Doppler monitoring. Fluid boluses of
250 ml were given when corrected Flow Time (FTc) dropped
below 350 ms. Fluid responsiveness was deﬁned as an increase
in SVI >10% measured by esophageal Doppler. Authors
found that SVV P8.5% predicted ﬂuid responsiveness with
Prediction of Fluid Responsiveness 15sensitivity = 77%, speciﬁcity = 43%, positive predictive
value = 84% and negative predictive value = 33%. The area
under ROC curve of SVV was 0.512.
Although Lahner et. al [20] used the same software version
as ours (1.07), it’s to be noted that 75% (n= 15) of their
patients were operated for hepatic resection. In these patients,
surgically induced hemodynamic instability may have
occurred, especially due to compression of the caval vein,
which may mimic intravascular hypovolemia and result in mis-
interpretations of the FTc. Moreover, as part of their study
design, ﬂuid boluses were given only to patients with FTc
<350 ms. Therefore, they could have missed a positive ﬂuid
response in patients with both FTc >350 ms and high SVV,
had they received ﬂuids. This could explain the poor perfor-
mance of SVV in their study.
In the current study, responders had an insigniﬁcantly
lower baseline CVP (8.43 ± 1.34 mmHg) than non-
responders (9 ± 1.48 mmHg) (p= 0.32). The area under the
ROC curve for CVP was 0.406, and accordingly it failed to
be a predictor for ﬂuid responsiveness.
This ﬁnding has been reported in large number of studies.
Marik et al. [21] conducted a systematic analysis of 24 studies
that included 803 patients. Five studies compared CVP with
measured circulating blood volume, while the other 19 deter-
mined the relationship between CVP (and/or change in CVP)
and change in cardiac performance following ﬂuid challenge.
Overall, 56 ± 16% of patients included in this review
responded to ﬂuid challenge. There was very poor correlation
between baseline CVP (or change in CVP) and measured blood
volume or stroke index/CI. Baseline CVP was
8.7 ± 2.32 mmHg in responders compared to
9.7 ± 2.2 mmHg in non-responders (p=NS).
The poor value of CVP in predicting ﬂuid responsiveness
could not be emphasized more. Accordingly, authors recom-
mended that CVP should not be used to make clinical deci-
sions regarding ﬂuid management [21].
Baseline CI (measured by ECHO or Vigileo) also failed to
predict ﬂuid responsiveness in our study. Before ﬂuid adminis-
tration, CI ECHO was insigniﬁcantly lower in responders than
non-responders (3.172 ± 0.605 vs. 3.368 ± 0.723; p= 0.47),
so was CI Vigileo (3.18 ± 0.583 vs. 3.3 ± 0.6; p= 0.62).
We also noted that there was no correlation between the
type of shock and the degree of ﬂuid responsiveness. Only nine
out of 17 patients with distributive shock (septic or non-
septic), 3 out of 4 patients with hypovolemic shock were
responders and 3 out of 4 patients with combined causes of
shock (hypovolemic and distributive) were responders
(p= 0.42).
Our study had some limitations. We used transthoracic
Doppler echocardiography to measure cardiac output and
divide patients as responders and non-responders. We did
not use pulmonary artery catheter, which is the known gold
standard for measurement of CO. This might have an effect
on CO measurements; however, we were not concerned about
the net value of CO, but concerned about the percent of
change regardless of the digital value.
6. Conclusion
We tested the ability of stroke volume variation to predict ﬂuid
responsiveness in mechanically ventilated patients with acutecirculatory failure. We found that baseline stroke volume vari-
ation showed a signiﬁcant ability to differentiate between ﬂuid
responders and non-responders with good sensitivity and
speciﬁcity. The best cutoff value of P8.15% predicted ﬂuid
responders with a sensitivity of 100% and speciﬁcity of
81.8%. The study also conﬁrmed the ability of pulse pressure
variation as a good index predicting ﬂuid responsiveness.
Further investigation is recommended with continuous
ICU monitoring of SVV and administration of IV ﬂuids
according to the obtained readings, so ﬂuids can be adminis-
tered if SVV P the known threshold value.References
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